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Seventh Quarter ly  Report 
L .  C .  Scala and G.  D. Dixon 
ABS TRACT 
Dip coa t ing  of Webril support  t ape  w a s  found t o  b e  f e a s i b l e ;  
when t h i s  procedure w a s  used on  a commercial f o i l  coat ing tower, rela- 
t i v e l y  long runs of s a t i s f a c t o r i l y  coated t ape  were obta ined .  
presence of a we t t ing  agen t ,  coated tapes  w e r e  ob ta ined  which exh ib i t ed  
s a t i s f a c t o r y  r e s i s t i v i t y  and r e s i s t a n c e  t o  s t e r i l i z a t i o n  i n  h o t  c a u s t i c .  
Polarographic  a n a l y s i s  i nd ica t ed  t h a t  d i f f u s i o n  of  s i lver  i o n s  through 
s e p a r a t o r  membranes obtained as descr ibed above i s  genera l ly  n e g l i g i b l e .  
I n  t h e  
I. INTRODUCTION 
This Quar te r ly  Report covers t h e  work done during t h e  per iod  
January 1 t o  March 31, 1968. The e f f o r t  expended during t h i s  t i m e  and 




4 .  
5. 
I n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  of  changing the  coa t ing  
procedure of t he  Webril t ape  from the  use  of a Gardner 
k n i f e  type  app l i ca to r  t o  a system involving dip-coat ing 
and wiper rods.  
Sca l ing  up of labora tory  s i z e  coa t ing  technique t o  a 
method employing an i n d u s t r i a l  s i z e  coa t ing  tower, and 
determinat ion of coat ing parameters.  
U s e  and e f f e c t  of wet t ing  agen t s .  
Var ia t ions  i n  tape  p r o p e r t i e s .  
S t e r i l i z a t i o n  tests. 
6 .  S i l v e r  i o n  d i f f u s i o n  a n a l y s i s  by polarography. 
7.  Zinc i o n  d i f f u s i o n  a n a l y s i s .  
11. PROGRESS 
1. Method of a p p l i c a t i o n  of coa t ing  mixture  t o  suppor t ing  tape 
Drawbacks have been cons t an t ly  encountered i n  t h e  course  of 
coa t ing  experiments c a r r i e d  ou t  us ing  a temporary l abora to ry  coa t ing  
tower which employs a Gardner k n i f e  a p p l i c a t o r ;  they are due t o  t h e  f a c t  
t h a t  t he  zirconia:polysulfone :DMAC mixture  i s  d i f f i c u l t  t o  apply evenly 
and uniformly onto t h e  t ape  mainly because t h e  b l a d e  alignment is ha rd  
t o  main ta in  and because t h e  two k n i f e  b l ades  act  as c o l l e c t o r s  o r  f i l t e r s  
f o r  the  s o l i d  oxide.  Ult imately,  t h e  coa t  app l i ed  t o  t h e  tape  possesses  
a d i f f e r e n t  composition from t h a t  of t h e  o r i g i n a l  coa t ing  mixture .  
Therefore i t  w a s  decided t o  test  a coa t ing  method which would 
e l imina te  kn i f e  a p p l i c a t o r s  and would, i n s t e a d ,  involve  t h e  use  of a 
dip-coat ing method. 
use  and the  c o r r e c t  placement of wiper rods .  I f  t h i s  method worked only  
moderately w e l l  i n  t he  experimental  tower, then  t h e  whole procedure would 
be  t r a n s f e r r e d  to  an i n d u s t r i a l  f o i l  coa t ing  tower wi th  t h e  proper  modi- 
f i c a t i o n s .  
The c o r r e c t  c o a t  th ickness  would b e  in su red  by t h e  
The l abora to ry  tower w a s  modified by t h e  i n s t a l l a t i o n  of a 
dip-pan equipped wi th  a f r e e l y  moving r o l l e r ,  two wiper  rods (which 
o r i g i n a l l y  were grooved p i n s ,  and later were rep laced  by more e f f i c i e n t  
Tef lon  rods one h a l f  inch i n  d iameter ) .  
w a s  i n s t a l l e d :  
temperature t h a t  never exceeded about  5 O O C .  Experimental  runs w e r e  made 
wi th  and without a coagula t ing  water: dioxane b a t h  (1:3 by volume): i t  
w a s  found t h a t  t h e  absence of t he  b a t h  prevented t h e  coated t ape  from 
dry ing  properly i n  t h e  ver t ical  oven. 
A v e r t i c a l  s i x  f o o t  h igh  furnace  
i t 'was  hea ted  by s t r i p  h e a t e r s  and h e a t i n g  lamps t o  a 
Several  continuous dip-coat ing runs were made i n  which t h e  . 
i n g r e d i e n t  r a t i o s  i n  the  coa t ing  mixture  were va r i ed  t o  check the  e f f e c t s  
of v i s c o s i t y  and s o l i d s  con ten t s .  The coa t ing  mixture  needed t o  b e  







































a g i t a t e d  thoroughly i n  o r d e r  t o  prevent inhomogeneous coa t ings ,  b u t  care 
had t o  b e  taken t o  e l i m i n a t e  Sources of pinholes  i n  t h e  coated t ape .  
Coating speeds ranged from 0.5 t o  7 f e e t  pe r  minute;  a t  t h e  l a t t e r  speed 
the  coated t ape  emerged w e t  from t h e  oven. 
The b e s t  r e s u l t s  were obtained a t  a speed of 3 f t / m i n . ;  t h e  
r e s i s t i v i t y  of t h e  samples from t h i s  run (3:l oxide:PS) w a s  of t h e  o rde r  
of 70 ohm inch and the  e l e c t r o l y t e  d i f f u s i o n  rates were accep tab le  
(12.5 pH u n i t s  a f t e r  30 minutes '  exposure).  I n  gene ra l ,  the  th ickness  
of t h e  coated t ape  remained cons tan t ,  b u t  t h e r e  occurred some sh r ink ing  
ac ross  t h e  tape .  
On t h e  b a s i s  of t h e  r e s u l t s  obtained i n  t h i s  se t  of experiments,  
i t  w a s  decided t h a t  dip-coating was a promising method f o r  manufacturing 
s t e r i l i z a b l e  b a t t e r y  sepa ra to r s  i n  a continuous manner. 
2.  Continuous dip-coating i n  i n d u s t r i a l  f o i l  coa t ing  tower 
Reasonably success fu l  coat ings of 3 inch  wide Webril  t ape  
us ing  a dip-coat ing method and an  experimental ,  l abo ra to ry  s i z e  coa t ing  
tower l e d  us t o  a t tempt  the  sca l ing  up of t h i s  process .  To t h i s  purpose 
a semi-commercial metal f o i l  coat ing tower w a s  modified t o  accep t  our 
coa t ing  condi t ions .  
From t h e  beginning there  w e r e  several d i f f i c u l t i e s  t o  su r -  
mount. It w a s  found, f o r  example, t h a t  t h e  Webril  t a p e  by i t s e l f  would 
quick ly  s h r i n k  and m e l t  i f  l e f t  s tanding i n  t h e  oven which w a s  maintained 
a t  75 - 85°C. I f ,  however, t h e  tape w a s  coated and moving a t  a speed of 
a t  least  3 f e e t  p e r  minute, t h e  hea t  from t h e  tower oven would only c u r l  
and s h r i n k  t h e  coated t ape  s l i g h t l y .  
t h e  shr inkage  diminished b u t  t h e  coated t ape  would emerge w e t  from t h e  
oven. 
A s  t h e  coa t ing  speed inc reased ,  
I f  t h e  DMAC so lven t  from t h e  coa t ing  mix w a s  no t  s imply evapo- 
r a t e d  i n  t h e  h e a t i n g  tower b u t  i t  w a s  d i sso lved  away by a water :dioxane 
b a t h  (which a l s o  coagulated t h e  r e s i n  and supposedly increased  t h e  
p o r o s i t y  of t he  s e p a r a t o r ) ,  then t h e  w e t  t ape  problem w a s  a l l e v i a t e d ,  
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b u t  a h o s t  of o t h e r  d i f f i c u l t i e s  a rose ;  they were mainly due t o  mechanical 
stresses introduced by t h e  very sha rp  tu rn ing  angles  over  wiper  rods 
incur red  by the  just-coated t ape  on i ts  way t o  t h e  coagula t ing  b a t h .  
A very severe problem w a s  a l s o  encountered due t o  t h e  j e r k i n e s s  
of t he  motion wi th  which t h e  tape  w a s  pa id  out  and r o l l e d  up. This 
j e r k i n e s s  was i n  g r e a t  p a r t  due t o  t h e  s t r e t c h  of t h e  tape  i t s e l f ,  and 
was cured by i n s t a l l i n g  d r i v i n g  r o l l e r s  a t  t h e  pay-off s t a t i o n ,  synchro- 
nized wi th  the take-up r o l l e r s .  
Several  continuous runs were made on t h i s  tower t o  i n v e s t i g a t e  
some parameters,  such as v i s c o s i t y  of mix, oxide:polysulfone r a t i o s ,  and 
coa r se r  versus  f i n e r  z i r con ia .  On t h e  b a s i s  of c o a t a b i l i t y ,  t he  b e s t  
combination appears t o  be ,  a t  p r e s e n t ,  t h a t  conta in ing  a 3:l oxide:PS 
r a t i o .  Best results were obta ined  a t  a speed of  3.0 - 3.5 f t /minu te .  
The oxide  used he re  w a s  t h e  20-50 mesh z i r con ia .  Even i n  t h i s  type  of 
run ,  however, t h e r e  w a s  shr inkage  ac ross  t h e  coated t ape  which r e s u l t e d  
i n  creases running l o n g i t u d i n a l l y .  W e  t h ink  t h a t  t h e  open weave of t h e  
Webril t ape  is r e spons ib l e  f o r  t h e  c reas ing .  
The mechanical arrangement i n  use  now c o n s i s t s  of a pay-off 
r o l l e r  from which t h e  t a p e  proceeds t o  two d r i v i n g  r o l l e r s ;  then  t h e  
tape  is  dipped i n  the  pan conta in ing  t h e  s t i r r e d  coa t ing  mixture  and runs 
between two 1-inch Teflon wiper rods .  It subsequent ly  proceeds over  t he  
top  wiper  rod a t  a very sharp  angle ,  down i n t o  t h e  water :dioxane b a t h ,  
around a r o l l e r  a t  the  bottom of t h e  ba th ,  up through t h e  oven and 
then on t o  the wind-up r o l l e r s .  
This arrangement is reasonably s a t i s f a c t o r y  f o r  s c reen ing  
purposes.  However, t he  s t i r r i n g  of t he  mixture  is i n e f f i c i e n t  and a new 
pump system should b e  i n s t a l l e d .  I n  a d d i t i o n ,  t h e  va r ious  ang le s  assumed 
by t h e  t ape  i n  i t s  course must be so f t ened  t o  reduce t a p e  s t r e t c h i n g .  
This temporary se tup  works only  wi th  3 inch  wide tape :  p rov i s ions  must 
b e  made t o  rep lace  i t  w i t h  one a b l e  t o  accomodate foot-wide t ape  as 
requi red  by the  con t r ac t .  




















3. Use and e f f e c t s  of wet t ing  agents  
Af t e r  rear ranging  t h e  s e t t i n g s  of t h e  p a r t s  of t h e  tower t o  
d e l i v e r  t h e  b e s t  combination of coat ing p r o p e r t i e s ,  s e v e r a l  coa t ing  runs 
w e r e  made t o  reduce the  number of parameters in f luenc ing  t h e  p r o p e r t i e s  
of t he  r e s u l t i n g  s e p a r a t o r  mater ia l .  I n  a l l  cases  i t  w a s  poss ib l e  t o  
coa t  several dozen f e e t  of t a p e  fo r  each set of cond i t ions ,  t h e  common 
drawback be ing  t h e  s t i c k i n g  of incompletely dry t ape  t o  the  top  tower 
sheaves.  The i n i t i a l  c r i t e r i a  f o r  a s a t i s f a c t o r y  coa t ing  run were: 
(1) dry coated t ape ;  (2) no pinholes ; (3) no excessive sh r ink ing ,  and 
( 4 )  no excess ive  c u r l i n g .  
The coated t ape  s e c t i o n s  which passed t h e  above mentioned 
cr i ter ia  were then t e s t e d  t o  determine t h e i r  r e s i s t i v i t y ,  t h e i r  r e s i s t a n c e  
t o  e l e c t r o l y t e  flow and, i n  some cases ,  t h e i r  r e s i s t a n c e  t o  s t e r i l i z a t i o n  
condi t ions .  
While t h e  formulat ion of t h e  coa t ing  mix genera l ly  cons i s t ed  of 
3 : l  20-50 mesh oxide:  polysulfone i n  DMAC, i n  some cases we t t ing  agen t s  
were added i n  vary ing  propor t ions .  For example, Alkaterge E w a s  added 
i n  0.5, 1.0 and 2.0 percent  r a t i o s ,  on t h e  b a s i s  of s o l i d  weight ,  t o  
mixes of d i f f e r e n t  v i s c o s i t i e s .  The b e s t  r e s u l t s  w e r e  obtained i n  the  
cases  where the  Alkaterge E w a s  added i n  t h e  p ropor t ion  of 1%. Because 
of t h e  low e f f i c i e n c y  of t h e  s t i r r i n g  of t h e  coa t ing  mixture (due t o  t h e  
temporary c h a r a c t e r  of t he  modif icat ions t o  t h e  tower) ,  i t  w a s  found t h a t  
t h e  rate of depos i t i on  of z i r con ia  w a s  f a s t e r  than t h a t  of t h e  polysul fone ,  
e s p e c i a l l y  a t  t h e  beginning of the run .  
4 .  V a r i a t i o r o f  p r o p e r t i e s  of Webril  tapes 
The la tes t  ba tches  of Webril t a p e  have been of a very  i n f e r i o r  
n a t u r e ;  t he  weave i s  very rough and t h e  voids  are l a r g e  and more i r r egu-  
l a r ,  so  t h a t  t h e  coa t ing  mixture  has more d i f f i c u l t y  i n  covering over  
t h e s e  s u b s t a n t i a l  ho le s .  Thus, pinholes r e s u l t .  I n  add i t ion ,  t h i s  kind 
of t ape  r ep resen t s  less of a support  f o r  t h e  organic-oxide f i l m  than  d id  
previous ba tches  of t h e  same tape,  s o  t h a t  h e a t  sh r ink ing  is  very pro- 
nounced (about 1/8 inch over 3 inches of o r i g i n a l  w id th ) .  
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We have contac ted  the Kendall  Company (makers of Webril)  about 
t h e  condi t ions of t h e  new ba tches .  They have answered t h a t  t he  company 
supplying t h e  polypropylene yarn  i s  now supplying coa r se r  den ie r  yarn ;  
t h i s  r e s u l t s  i n  t h i c k e r  b u t  c o a r s e r  tape .  They s e n t  us several o the r  
types of polypropylene t ape ,  samples of which have undergone s t e r i l i z a t i o n  
tests, together  wi th  some promising coated tapes .  
5. S t e r i l i z a t i o n  tests 
The s t e r i l i z a t i o n  t a b l e s  inc luded  h e r e  show t h e  r e s u l t s  of 
exposing samples of s i x  continuous runs (C58-43-1, -44-1, -53-2, -56-1(A), 
-57-1 and -58-I), and of f i v e  new Webril f a b r i c s ,  t o  a s t e r i l i z i n g  cyc le  
c o n s i s t i n g  of 60 hours  immersion i n  40% KOH a t  135°C. The t a b l e  immedi- 
a t e l y  below shows the  compositions involved i n  t h e  above mentioned runs .  
TABLE I 
I d e n t i f i c a t i o n  of Samples f o r  Res is tance  t o  S t e r i l i z a t i o n  Tests 
Sample N o .  0xide:PS Rat io  S o l i d s  Content Addi t ive  Oxide Mesh 
C 5  8-4 3-1 2 10.7 - 20-50 
C58-44-1 3.5 14.9 - 20-50 
C 5  8-5 3- 2 3 14.9 1% Alkaterge  E 20-50 
C 5  8- 5 6-1 4 14.9 1% Alkaterge E 100-200 
C58-57-1 3 14.9 0.5% Alkaterge E 20-50 
C5 8-5 8-1 3 14.9 2% Alkaterge E 20-50 
In the case of t h e  coa ted  t apes ,  i n  gene ra l ,  s t e r i l i z a t i o n  
brought  t he  r e s i s t i v i t y  va lues  down, i n  many i n s t a n c e s  below the  top  
pe rmis s ib l e  r e s i s t i v i t y  l i m i t  (about 60 ohms-inch) . The weight l o s s e s  
averaged 10% and most of t h e  coated samples were n o t  phys i ca l ly  a f f e c t e d  
by t h e  s t e r i l i z a t i o n  s t e p ;  th ickness  of samples be fo re  and a f t e r  sterili- 
z a t i o n  a l s o  seemed r e l a t i v e l y  unchanged. 
In  a d d i t i o n ,  t h e  samples obta ined  from mixtures  con ta in ing  1% 
Alkaterge  E (an amine type w e t t i n g  agent )  e x h i b i t e d  r e l a t i v e l y  l o w  
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r e s i s t i v i t i e s  both b e f o r e  and a f t e r  s t e r i l i z a t i o n ,  a l though t h e i r  weight 
l o s s e s  were s l i g h t l y  h ighe r  than  normal .  
another  change i n  t h e  q u a l i t y  of the Webril  t ape .  
This may have been due t o  y e t  
A l l  t h e  p l a i n  Webril samples  exh ib i t ed  low weight l o s s e s ,  com- 
parable  t o  those  sus t a ined  by t h e  o r i g i n a l  Webril samples under the  same 
condi t ions .  I n  a few cases t h e  thicknesses  increased  a f t e r  s t e r i l i z a t i o n  
e s p e c i a l l y  i n  t h e  case of H739 and H751. It w a s  thought t h a t  some swe l l ing  
l i q u i d  had been r e t a i n e d  by the  samples a f t e r  washing and dry ing;  however, 
prolonged dry ing  d i d  n o t  reduce the th ickness  va lues  measured a f t e r  steri- 
l i z a t i o n  nor  d i d  i t  i n c r e a s e  the weight l o s s .  
the  Webril  f i b e r s  were permanently rearranged by t h e  KOH t rea tment .  
yellow-green co lo r  p re sen t  i n  t h e  KOH s o l u t i o n  a f t e r  s t e r i l i z a t i o n ,  and 
t h e  c u r l i n g  of t h e  samples may i n d i c a t e  the  presence of  bonding agen t s  
i n  t h e  non-woven Webril .  Four of t hese  new tapes  w e r e  s o  t i g h t l y  made 
t h a t  they showed some r e s i s t i v i t y  even wi thout  be ing  coa ted .  
of t h e  s t e r i l i z a t i o n  cyc le  on t h e  new p l a i n  Webril t apes ,  some of which 
are too th i ck ,  l e a d  us t o  t h e  conclusion t h a t  t h e  tape  used u n t i l  now 
may b e  t h e  b e s t ,  even though it  i s  now of a coa r se r  grade.  We may, 
however, b e  forced t o  re formula te  the  coa t ing  mixtures  t o  t a k e  i n t o  
account the  more open s t r u c t u r e  of t h e  Webril t ape  t o  b e  used. 
This probably means t h a t  
The 
The r e s u l t s  
6. Silver ion  d i f f u s i o n  r a t e s  
Severa l  samples of b a t t e r y  s e p a r a t o r  membranes, which were 
previous ly  found t o  have a s a t i s f a c t o r y  r e s i s t i v i t y  and s t e r i l i z a t i o n  
p r o p e r t i e s ,  underwent tests t o  measure po la rograph ica l ly  t h e  flow of 
s i l ve r  ions through them as a func t ion  of t i m e .  Spec ia l  cells were used 
t o  con ta in  t h e  concent ra ted  K0H:Ag s o l u t i o n .  
Measurements were ca r r i ed  o u t  cont inuously over  a per iod  ranging  
from 44 t o  140 hours  f o r  each membrane sample which was placed between 
two Teflon cel ls ,  one conta in ing  the known Ag s o l u t i o n  i n  40% KOH and t h e  
o t h e r  s t r a i g h t  40% KOH. 
prevent  formation of potassium carbonate.  
The runs were made under a b l anke t  of N t o  2 
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The r e s u l t s  of t h i s  series of experiments w e r e :  of s i x  samples 
t e s t e d ,  f i v e  had n e g l i g i b l e  Ag ion  flow a f t e r  no less than  43 hours of 
exposure t o  a s a t u r a t e d  K0H:Ag s o l u t i o n ;  i n  fact ,  one l a s t e d  1-40 hours 
without  pe rcep t ib l e  ion  flow. A s i x t h  sample showed t h e  passage of 
35 ppm Ag a f t e r  118 hours ,  b u t  i t  took about 48 hours  t o  show the  passage 
of only about 4 ppm of Ag. 
7 .  Zinc i o n  d i f f u s i o n  rates 
Preliminary experiments have shown t h a t  t h e  measurement of t h e  
z inca te  ion  cannot b e  c a r r i e d  out  s a t i s f a c t o r i l y  by polarography. The 
half-wave of t h e  z i n c a t e  i o n  occurs  very c l o s e  t o  t h a t  f o r  t h e  r educ t ion  
of water. In  p r a c t i c e ,  a c h a r a c t e r i s t i c  z i n c a t e  p l a t e a u  w a s  d i f f i c u l t  
t o  i d e n t i f y  i n  40% KOH. Fu r the r ,  i n  s o l u t i o n s  conta in ing  very s m a l l  
amounts of z inca te  ion ,  of t h e  o rde r  of 15 p a r t s  pe r  m i l l i o n ,  no such 
s t e p  w a s  observed. 
Therefore,  ana lyses  f o r  z inc  ion  d i f f u s i o n  w i l l  b e  c a r r i e d  o u t  
us ing  flame absorp t ion  spectroscopy.  
111. FUTURE WORK 
The p r i n c i p a l  a i m  w i l l  be  t h a t  of  modifying t h e  i n d u s t r i a l  f o i l  
coa t ing  tower, used u n t i l  now, t o  accept  one f o o t  wide Webril  t ape .  This  
w i l l  involve acqui r ing  new r o l l e r s  t o  r ep lace  the  o l d  s h o r t  ones 
( inc lud ing  drive r o l l e r s  and t ake  up r o l l e r s ) ,  l engthening  the  drying 
tower t o  about 1 2  f e e t ,  designing and manufacturing wider  and more e f f i c i e n t  
dip-tank and coagula t ion  b a t h ,  and adding b e t t e r  s t i r r i n g  devices  f o r  
both dip-tank and coagula t ing  ba th .  
Testing of more w e t t i n g  agen t s  is  contemplated.  
The e f f e c t  of t he  presence of f r e e  z i r c o n i a  i n  t h e  s t e r i l i z i n g  
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